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CLAIMS 



[Claim 1] An element for power which it had the 1st conductivity-type semiconductor region established in * 
substrate, and the 2nd conductivity-type semiconductor region, and a part of cementation formed between 
said 1st conductivity-type semiconductor regions and 2nd conductivity-type semiconductor regions is 
radicalized, and is characterized by radius of curvature of this radicalized portion being 0.5 micrometers or 
less 

[Claim 2] An element for power which it was prepared in contact with a semiconductor region of a substrate, 
and this semiconductor region, and had an electrode which forms said semiconductor region and Schottky 
barrier, and said a part of Schottky barrier is radicalized, and is characterized by radius of curvature of this 
radicalized portion being 0.5 micrometers or less. 

[Claim 3] An element for power according to claim 1 or 2 characterized by radius of curvature of a portion 
into which said cementation was radicalized being 0.1 micrometers or less. 

[Claim 4] Said radicalized portion is an element for power according to claim 1 to 3 characterized by 
corresponding to a corner of a level difference configuration. 

[Claim 5] Said level difference configuration is an element for power according to claim 4 characterized by 
having the shape of the shape of V character, and a rectangle. 

[Claim 6] It is the element for power which it had the 1st conductivity-type semiconductor region 
established in a semiconductor substrate which has crystal-face bearing of {100}, and the 2nd 
conductivity-type semiconductor region, and a part of cementation formed between said 1st 
conductivity-type semiconductor regions and 2ndconductivity-type .semiconductor regions is radicalized, 
and is characterized by this radicalized portion being constituted by field of crystal-face bearing of {111). 
[Claim 7] It is the element for power which it was prepared in contact with a semiconductor region 
established in a semiconductor substrate which has crystal-face bearing of {100}, and this semiconductor 
region, and it had an electrode which forms said semiconductor region and Schottky barrier, and said a part 
of Schottky barrier is radicalized, and is characterized by this radicalized portion being constituted by field o1 
crystal-face bearing of {1 1 1}. 

[Claim 8] An element for power characterized by pouring in an electron according to the field emission 
effect into said solid-state from said emitter when it consists of an anode formed in a field which faces an 
emitter formed in one field of a solid-state and the solid-state concerned, and said emitter of said 
solid-state and bias of said emitter is carried out to negative to said anode. 

[Claim 9] An element for power according to claim 8 characterized by embedding at least one gate into a 
solid-state between said emitters and said anodes. 

[Claim 10] It is the element for power according to claim 9 which said gate serves as substantially a portion 
of said solid-state into which an electron is poured according to the field emission effect from a 
semiconductor layer of the same presentation while said both solid-states and said gates consist of a 
semiconductor, and is characterized by being p mold conductive layer. 

[Claim 1 1] A portion of said solid-state into which an electron is poured according to the field emission 
effect is an element for power according to claim 8 to 10 characterized by being an insulating material or a 
semiconductor which consists of a diamond, silicon carbide, boron nitride, alumimium nitride, gallium nitride, 
or these solid solutions. 

[Claim 12] A portion of said solid-state into which an electron is poured according to the field emission 
effect is an element for power according to claim 8 to 10 characterized by being an insulating material or a 
semiconductor which consists of a crystal of a diamond or a sphalerite mold. 

[Claim 13] The surface of said solid-state in which said emitter or said anode is formed is an element for 
power according to claim 1 2 characterized by having crystal-face bearing of {100}. 
[Claim 14] An element for power according to claim 8 to 13 characterized by forming a metal thin film 
containing at least one of Ti and the Cr(s) in the surface which touches a portion of said solid-state into 
which an electron of said emitter is poured according to the field emission effect. 

[Claim 15] a hole with which said solid-state into which an electron is poured according to the field emission 
effect was a plate crystal, said emitter used anisotropic etching for one field of the plate crystal concerned, 
and a tip sharpened — forming — the hole concerned — an element for power according to claim 8 to 14 
characterized by being what formed by embedding a conductive material in inside. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[The technical field to which invention belongs] This invention relates to the element for power which 
started the element for power, especially used the field emission effect of the power semiconductor device 
of low ON state voltage, and the electron to the inside of a solid-state. 
[0002] 

[Description of the Prior Art] In addition to the voltage drop in the base layer which prevents voltage, if the 
ON state voltage of the element for power was an insulated-gate mold semiconductor device, it was channel 
resistance and a bipolar mold semiconductor device and it was the built-in potential in a PN junction, and a 
Schottky barrier diode, barrier height etc. added, was put together and it was decided. Comparatively, with 
the element for power of low pressure-proofing, the base layer which prevents voltage may be thin and 
built-in potential and barrier height occupy the portion with big ON state voltage. However, since these 
values were decided with the physical properties and electrode material of the semiconductor device itself, i1 
was impossible to have reduced ON state voltage. . 
[0003] For example, if the semiconductor device currently called the so-called trench gate mold IGBT is 
described, it will become as follows. Drawing 1 1 is the cross section showing the element structure of the 
conventional trench gate mold IGBT. the voltage drop in n base layer 113 from which the ON state voltage 
of this semiconductor device prevents voltage — in addition, channel resistance, the built-in potential in the 
cementation 1 12 in the p collector layer 111 and n base layer 113, other ohmic resistance, etc. added, were 
put together, and were decided.-Comparatively,_with the element for power_of low pressure-proofing, 
although n base layer 113 which prevents voltage could be thin and channel resistance has improved by 
detailed-ization, a means by which only built-in potential could be reduced was not found out until now. 
Therefore, the bipolar mold element which has a PN junction had the problem that it could not be used, in 
low pressure-proofing. In addition, for n source layer and 1 16, as for a gate electrode and 118, in drawing 1 1 
, a gate insulator layer and 1 1 7 are [ 1 1 4 / p base layer and 1 15 / a source electrode and 1 19 ] collector 
electrodes. , 
[0004] Moreover, if the semiconductor device currently called the so-called Schottky barrier diode is 
described, it will become as follows. Drawing 1 2 is the cross section showing the element structure of the 
conventional shot key mold diode. This semiconductor device has mesa structure to the cathode field in 
which the shot key electrode 127 is formed, and is effective in a depletion layer spreading from p type layer 
124 to the mesa field 123, and controlling electron injection by the OFF state. For this reason, even if it 
uses a metal with low barrier height for the shot key electrode 127, the leakage current in an OFF state can 
be suppressed low. In addition to the voltage drop in n base layer 122 which prevents voltage, the barrier 
height of the shot key electrode 127 added, was put together, and the ON state voltage of such element 
structure was decided. Comparatively, with the element for power of low pressure-proofing, n base iayer 122 
which prevents voltage could be thin, and barrier height occupied the portion with big ON state voltage. 
Therefore, conventionally, although the attempt using a metal with low barrier height as a shot key electrode 
was made, such a metal has the problem that there are many activity things, and electrode formation will be 
difficult or will deteriorate in the long run chemically, and was not connected to utilization. In addition, for 
121, as for p mold polish recon layer and 126, in drawing 1 2 , n type layer and 125 are [the Schottky barrier 
and 128 ] anode electrodes (ohmic electrode). 

[0005] Moreover, research and development in the vacuum microelement which built in the cold cathode 
mold emitter as an element for power is done in recent years. Also under the conditions which do not 
perform intentional heating especially, if the high voltage is impressed, the phenomenon in which an electron 
is emitted into a vacuum from the emitter section (cold cathode mold emitter) is used for this vacuum 
microelement. This vacuum microelement is equipped with a high reverse resisting pressure property, 
high-speed responsibility, and radiation resistance, and since it is hardly dependent on temperature, these 
properties attract attention as a high-speed device or a power device. 

[0006] The principle of operation of vacuum microelement is as follows. That is, when bias of the emitter 
section which has radius of curvature with a minute tip is carried out to negative, the electric field mostly 
determined with curvature are impressed to an emitter point, the potential barrier width of face to the 
electron of an emitter point decreases, tunneling occurs, an electron is emitted into a vacuum, and an anode 
is reached. On the other hand, in the anode used as flat electrode structure, even if bias of the anode is 
carried out to negative, electric-field concentration does not take place, potential barrier width of face does 
not become narrow as this result, and radiation of the electron from an anode will not take place. 
[0007] The emitter in vacuum microelement is constituted by electric conductivity materials, such as a 
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metal or a semiconductor, and it is processed so that a point may have the curvature of several nm or less. 
The following methods are used, although it is accompanied by extraordinary difficulty in order for this point 
to form the emitter which has small radius of curvature. 

[0008] In the case of the emitter which consists of a metal, if voltage is impressed to an emitter, the 
self-radicalization phenomenon in which a surface atom moves under strong electric field, and the radius of 
curvature of an emitter point decreases will be used, however, saying [ that the point of the emitter which 
consists of a metal can be formed using a self-radicalization phenomenon ] — also taking it does not 
correct, but the emitter point means being put on the bottom of electric field strong against the degree 
which carries out self-deformation, and it means that it is very unstable also in process. 
[0009] Moreover, there is also a method using etching or oxidation. That is, after carrying out selective 
etching of the Si single crystal, the metal or semi-conducting material with which a point forms the hole of 
the shape of a pyramid used as a very narrow punch, and serves as an emitter material by using this hole as 
a ** form by oxidizing this is deposited, and the emitter structure of removing a ** form and having a point 
with small radius of curvature is formed. 

[0010] Although many emitters are operated in juxtaposition and used in vacuum microelement, considerable 
difficulty is followed on holding the property of each emitter to homogeneity. A certain residual gas and 
adsorbate exist in the vacuum of vacuum microelement. Since the property of vacuum microelement is 
strongly influenced in a residual-gas kind or gas pressure, it is influenced by the adsorbed state of gas of 
change, and fluctuation of a noise or an element property appears. Even if it secures ten to 7 Pa, and a very 
high degree of vacuum, fluctuation of the element property which reaches also to 10% is observed. It is a big 
technical problem in vacuum microelement to hold a high vacuum inside an element. 
[0011] In vacuum microelement, the phenomenon in which an element will be in a short circuit condition 
working often occurs, and poses a very big problem on operational stability. If the vacuum microelement 
which changed into the short circuit condition is observed when operating the emitter in juxtaposition, an 
emitter portion will fuse and signs that emitter material has evaporated will be found out. Resistance of the 
circuit which lets a certain emitter [ **** ] pass falls rapidly, current concentrates through a specific 
emitter, it flows, the emitter serves as an unusual elevated temperature, and this shows that the 
phenomenon emitter material carries out [ a phenomenon ] melting evaporation occurs. 

[0012] It is thought that it has a factor resulting from the discharge phenomenon between an emitter and a 
control electrode since the melting destructive phenomenon of an emitter is found out in the element of the 
structure where the control electrode was formed by the control electrode and emitter portion which 
enclose an emitter in the shape-of the circumference. It-is. a very, important problem in vacuum 
microelement to prevent the phenomenon in which current concentrates on a specific emitter and an 
element is destroyed. In order to prevent this in circuit, the policy which insert protective resistance 
according to an individual, and it is made for current limiting to join each emitter, or inserts a current-limiting 
circuit for every emitter is taken. 

[0013] However, operational stability cannot fully be secured by this policy, and element structure and a 
circuit of operation are complicated on the contrary, and the problem of the increment in excessive power 
loss or a manufacturing cost is also produced. 
[0014] 

[Problem(s) to be Solved by the Invention] Since there are some to which built-in potential and barrier 
height occupy the portion with big ON state voltage in the conventional element for power and the value of 
this ON state voltage was decided with the physical properties and electrode material of the semiconductor 
device itself as stated above, it was impossible to have reduced ON state voltage. 

[0015] Moreover, in the conventional vacuum microelement, the phenomenon in which an element will be in * 
short circuit condition working often occurs, and poses a very big problem on operational stability. Although 
protective resistance is inserted according to an individual at each emitter, it is made for current limiting to 
be added or the policy which inserts a current-limiting circuit for every emitter is taken in order to prevent 
this in circuit, operational stability is not fully securable with this policy, on the contrary, it complicates and 
element structure and a circuit of operation also produce the problem of the increment in excessive power 
loss or a manufacturing cost. This invention aims at offering the element for power which was excellent in 
the property of having low ON state voltage and the stable actuation. 
[0016] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it had the 1st 
conductivity-type semiconductor region established in a substrate of this invention, and the 2nd 
conductivity-type semiconductor region, a part of cementation formed between said 1st conductivity-type 
semiconductor regions and 2nd conductivity-type semiconductor regions is radicalized, and the 1st offers an 
element for power characterized by radius of curvature of this radicalized portion being 0.5 micrometers or 
less. 

[001 7] In this this invention, a thing equipped with the following configurations is desirable. 

(1) Radius of curvature of a portion into which said cementation was radicalized should be 0.1 micrometers 
or less. 

(2) Said radicalized portion should correspond to a corner of a level difference configuration. 

[0018] (3) Said level difference configuration should have the shape of the shape of V character, and a 
rectangle 

Moreover, the 2nd of this invention was equipped with the 1st conductivity-type semiconductor region 
established in a semiconductor substrate which has crystal-face bearing of {100], and the 2nd 
conductivity-type semiconductor region, a part of cementation formed between said 1st conductivity-type 
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semiconductor regions and 2nd conductivity-type semiconductor regions is radicalized, and an element for 
power characterized by this radicalized portion being constituted by field of crystal-face bearing of {1 1 1} is 
offered. 

[001 9] Since according to the 1 st of this invention, and the 2nd it is formed so that it may become the 
configuration in which a part of PN junction in which the 1st conductivity-type semiconductor region and 
the 2nd conductivity-type semiconductor region are formed by touching was radicalized, built-in potential of 
a portion into which a PN junction was radicalized becomes low compared with other portions. For this 
reason, built-in potential used as a big factor which makes ON state voltage increase in the case of a bipolar 
mold power semiconductor device etc. can be reduced, and it becomes possible to reduce ON state voltage 
remarkably. Therefore, magnitude of built-in potential of a PN junction becomes possible [ applying 
comparatively a bipolar mold power semiconductor device acting as a failure etc. also to a use of low 
pressure-proofing ]. 

[0020] Moreover, it was prepared in contact with a semiconductor region of the 3rd substrate and this 
semiconductor region of this invention, and it had an electrode which forms said semiconductor region and 
Schottky barrier, said a part of Schottky barrier is radicalized, and radius of curvature of this radicalized 
portion offers an element for power characterized by being 0.5 micrometers or less. 
[0021] In this this invention, a thing equipped with the following configurations is desirable. 

(1) Radius of curvature of a portion into which said cementation was radicalized should be 0.1 micrometers 
or less. 

(2) Said radicalized portion should correspond to a corner of a level difference configuration. 

[0022] (3) Said level difference configuration should have the shape of the shape of V character, and a 
rectangle. 

Moreover, it was prepared in contact with a semiconductor region established in a semiconductor substrate 
with which the 4th of this invention has crystal-face bearing of (100), and this semiconductor region, and it 
had an electrode which forms said semiconductor region and Schottky barrier, said a part of Schottky barrier 
is radicalized, and an element for power characterized by this radicalized portion being constituted by field o1 
crystal-face bearing of {1 1 1} is offered. 

[0023] Since according to the 3rd of this invention, and the 4th it is formed so that it may become the 
configuration in which a part of Schottky barrier in which a semiconductor region and an electrode are 
formed by touching was radicalized, barrier height of a portion into which the Schottky barrier was 
radicalized becomes low compared with other portions. For this reason, it is possible to be able to reduce 
barrier height used as a big factor which makes ON state voltage of a Schottky barrier diode increase, and 
to reduce ON state voltage remarkably. 

[0024] Moreover, when it consists of an anode formed in a field which faces an emitter formed in one field o1 
the 5th solid-state and the solid-state concerned of this invention, and said emitter of said solid-state and 
bias of said emitter is carried out to negative to said anode, an element for power characterized by pouring 
in an electron according to the field emission effect into said solid-state from said emitter is offered. 
[0025] In this this invention, a thing equipped with the following configurations is desirable. 
(1) At least one gate should be embedded into a solid-state between said emitters and said anodes. 
[0026] (2) While said both solid-states and said gates consist of a semiconductor, an electron serves as 
substantially a portion of said solid-state poured in according to the field emission effect from a 
semiconductor layer of the same presentation, and said gate should be p mold conductive layer. 
[0027] (3) A portion of said solid-state into which an electron is poured according to the field emission 
effect should be an insulating material or a semiconductor which consists of a diamond, silicon carbide, 
boron nitride, alumimium nitride, gallium nitride, or these solid solutions. 

[0028] (4) A portion of said solid-state into which an electron is poured according to the field emission 
effect should be an insulating material or a semiconductor which consists of a crystal of a diamond or a 
sphalerite mold. 

(5) The surface of said solid-state in which said emitter or said anode is formed should have crystal-face 
bearing of {100}. 

[0029] (6) A metal thin film containing at least one of Ti and the Cr(s) should be formed in the surface which 
touches a portion of said solid-state into which an electron of said emitter is poured according to the field 
emission effect. 

[0030] (7) a hole with which said solid-state into which an electron is poured according to the field emission 
effect was a plate crystal, said emitter used anisotropic etching for one field of the plate crystal concerned, 
and a tip sharpened — forming — the hole concerned — be formed by embedding a conductive material in 
inside. 

[0031] According to the 5th of this invention, an element for power of a field emission mold is constituted bv 
using not a field emission phenomenon of an electron to the inside of a vacuum but a field emission 
phenomenon of an electron to the inside of a solid-state. Both failure of the emitter section and fluctuation 
of a property by two remarkable troubles found out by vacuum microelement, i.e., discharge breakdown, are 
the phenomena resulting from space where an electronic field emission phenomenon occurs being a vacuum. 
Like this invention, a trouble [ in / for space where field emission of the electron is carried out / the inside 
of a solid-state, then vacuum microelement ] is solved fundamentally. Furthermore, since it becomes 
unnecessary to prepare a current-limiting circuit for every emitter like vacuum microelement, and to prevenl 
a discharge-breakdown phenomenon, a circuit of operation becomes very easy, and excessive power spent 
for element destructive prevention can be reduced, and it becomes possible to offer a high speed and an 
element for power of a low power. 
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[0032] A phenomenon in which field emission of the electron is carried out into a solid-state is not used as 
an electronic instrument until now. Several reasons can be considered although a field emission phenomenor 
to the inside of a solid-state which should exist as a physical phenomenon could not be used as an 
electronic instrument. For pulling out an electron and making it emanate, electric field high to a 108 V/cm 
degree are needed by tunneling. Such high electric field are the fields near essential dielectric breakdown 
voltage of a solid material. Under high electric field near such dielectric breakdown, a solid defect poses a 
fatal problem. This problem is solvable by manufacturing an element with a material with which a single 
crystal with few defects which is the strong refractory material which cannot cause dielectric breakdown 
easily as a solid material can grow. That is, it is possible to solve by using application of element structure o1 
being hard to generate a defect, and an element structure formation process of not generating a defect. 
[0033] Moreover, in an element for power by the 5th of this this invention, the gate which acts on an emitter 
has structure substantially embedded into a solid-state, by considering as this structure, it does not 
generate and creeping discharge which breaks out through the solid-state surface under high electric field 
does not generate a deabsorption phenomenon of gas constituents, either. 

[0034] Furthermore, when a material of the gate and a material of a solid-state with which the gate is 
embedded are not substantially accepted to be the same in presentation, generating of a crystal defect is 
not avoided in the case of deposition of an element for power of a field emission mold. When a material of 
the gate is substantially considered as the same presentation with a material of a solid-state with which the 
gate is embedded, the low resistance gate can be easily formed by adding an impurity into a gate portion at 
high concentration. 

[0035] A solid material into which an electron is poured by field emission from an emitter is good to consider 
as a point to n mold or a non dope which makes a potential barrier over a tunnel as low as possible. It is 
good to use a conductivity type of the gate as p mold at this point. 

[0036] Moreover, although it is desirable when an insulating material or a semiconductor with which an 
electron consists of a diamond, silicon carbide, boron nitride, alumimium nitride, gallium nitride, or these solid 
solutions as a portion of said solid-state poured in according to the field emission effect is used, this is 
based on the following reason. That is, a diamond and silicon carbide with prohibition **** wide also in IV 
group elemental semiconductor or an III— V group's compound semiconductor, boron nitride and alumimium 
nitride, and gallium nitride are refractory materials, and its dielectric-breakdown electric field are also high. 
Therefore, these materials are excellent in a point of performing element actuation, without causing a 
discharge-breakdown phenomenon. 

[0037] Moreover, if the surface of said solid-state has crystaKface bearing of {100} especially in using an _ 
insulating material or a semiconductor with which an electron consists of a crystal of a diamond or a 
sphalerite mold as a portion of said solid-state poured in according to the field emission effect, an etching 
pit will serve as a rectangular-head drill surrounded in respect of {1 1 1} by anisotropic etching, and a tip of an 
etching pit will serve as a configuration where it sharpened extremely. By embedding this etching pit with a 
suitable electrical conducting material, a good emitter which pours in an electron according to the field 
emission effect into a solid-state is constituted. 

[0038] Moreover, although it is desirable that a metal thin film containing at least one of Ti and the Cr(s) is 
formed in the surface which touches a portion of said solid-state into which an electron of said emitter is 
poured according to the field emission effect, this is based on the following reasons. That is, in order to 
embed an electrical conducting material at an etching pit formed by anisotropic etching and to form a good 
emitter, it is desirable to make an electrical conducting material invade to a tip of a hole formed by etching. 
A failure when making an electrical conducting material invade to a point with small radius of curvature is the 
surface tension of an electrical conducting material which is a solid-state. In the case of refractory 
materials, such as a diamond, it was checked that a metal thin film containing at least one of Ti and the Cr(s. 
invades to a point of an etching pit with small radius of curvature. A metal with which this contains at least 
one of Ti and the Cr(s) is considered to be the result of having reflected wettability with refractory 
materials, such as a diamond, having been good. Emitter structure of operating by low battery was realizable 
by introducing between a solid-state with which an electron is poured in, and said emitter electrode 
(cathode electrode) by making a metal thin film containing at least one of Ti and the Cr(s) into a buffer coat. 
[0039] moreover, holes (4 pyramid-like hole etc.) with which said solid-state into which an electron is pourec 
according to the field emission effect was a plate crystal, said emitter used anisotropic etching for one field 
of the plate crystal concerned, and a tip sharpened — forming — the hole concerned — it is desirable by 
the following reasons that it is what is formed by embedding a conductive material in inside. 
[0040] That is, although one problem in vacuum microelement is dispersion in a property between emitters 
as mentioned above, a production process required to manufacture emitter tip structure of having minute 
radius of curvature in the case of a power semiconductor device by this this invention is one anisotropic 
etching production process. Moreover, since emitter structure is what is determined with the property of 
crystal each side, its repeatability is very high. It is very difficult for repeatability deficiently to form 
structure of having minute radius of curvature, under environment where it changes whenever it carries out 
a production process, like [ in the case of emitter structure of the Spindt mold ]. Dispersion for every 
emitter also cannot but become very big. 

[0041] On the other hand, also when forming an emitter from a material of another kind by using as mold an 
etching pit formed in a crystal of silicon etc. by anisotropic etching in a manufacture method of vacuum 
microelement Although it is the same as that of a case of this invention in a point which manufactures 
emitter structure by crystalline anisotropy etching A point that emitter structure is manufactured through a 
process of other phases, such as removal of mold, differs from the etching pit itself manufactured by 
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anisotropic etching in that a part of emitter structure has not become. After passing through a production 
process of many phases, deformation of a configuration also becomes remarkable and dispersion between 
emitters also increases. Since emitter structure can be once manufactured at an etching production 
process in this invention, it is possible with very sufficient repeatability to manufacture an emitter to 
homogeneity. 
[0042] 

[Embodiment of the Invention] Hereafter, the operation gestalt concerning the element for power of this 
invention is explained, referring to a drawing. 

(1st operation gestalt) Drawing 1 is the cross section showing the element structure of the element for 
power concerning the 1st operation gestalt of this invention. The semiconductor device of this operation 
gestalt shown in drawing 1 is the so-called trench gate mold IGBT, and has the portion which was radicalizec 
in a part of PN junction 2 which consists of a p mold collector layer 1 and an n mold base layer 3. The radius 
of curvature of this radicalized portion is 0.01-0.1 micrometers of outlines. On n mold base layer 3, p mold 
base layer 4 is formed so that this may be touched, and in the surface of p mold base layer 4, it is n+. The 
mold source layer 5 is formed. Moreover, n+ A slot is prepared so that the mold source layer 5 and p mold 
base layer may be penetrated, and the gate electrode 7 is embedded through the gate insulator layer 6 in 
this slot. n+ The source electrode 8 contacts the mold source layer 5 and p mold base layer 4, and the 
collector electrode 9 is in contact with p mold collector layer 1. 

[0043] According to this structure, the built-in potential of the portion into which PN junction 2 was 
radicalized becomes lower than other portions, and the ON state voltage of an element is reduced only for 
the part. Consequently, the magnitude of the built-in potential of a PN junction becomes possible [ applying 
IGBT acting as a failure also to the use of low pressure-proofing comparatively ]. 

[0044] Next, the 1st method for producing the substrate of the element for power concerning the 1st 
operation gestalt is explained. Drawing 2 is the production process cross section showing this 1st method. 
First, by performing anisotropic etching to n mold substrate 21, as shown in drawing 2 (a), slot 22a of V 
typeface is formed, and then it oxidizes thermally, and is radicalized in the point of slot 22a ( drawing 2 (b)). 
22b is the point formed of this radicalization. 

[0045] Next, after removing the thermal oxidation film formed in the surface of n mold substrate 21 of 
thermal oxidation, the high concentration p type layer 23 is grown epitaxially on it ( drawing 2 (c)). Level 
difference 23a is formed in the surface of the high concentration p type layer 23. As occasion demands, 
flattening of the surface of the high concentration p type layer 23 is carried out by wrapping etc., and it 
considers as the substrate of drawing 1 -. Here, n mold base layer 3 and the high concentration p type layer 
23 turn into p mold collector layer 1, and, as for n mold substrate 21, the PN junction in which the part was 
radicalized is formed between n mold substrate 21 and the high concentration p type layer 23. After that, 
the power semiconductor device concerning the 1st operation gestalt for this substrate is producible at the 
IGBT production process production process of **** repetition ******. 

[0046] When a silicon (Si) substrate and a cubic silicon carbide (3 C-SiC) substrate are used as a substrate, 
KOH can be used for the production process of the above-mentioned anisotropic etching as an etching 
reagent. 

[0047] Next, the 2nd method for producing the substrate of the element for power concerning the 1st 
operation gestalt is explained. Drawing 3 is the production process cross section showing this 2nd method. 
First, by performing anisotropic etching to the high concentration p mold substrate 31, as shown in drawing 3 
(a), the slot 32 of V typeface is formed and n type layer 33 is grown epitaxially on it ( drawing 3 (b)). Level 
difference 33a is formed in the surface of the high concentration p type layer 33. As occasion demands, 
flattening of the surface of n type layer 33 is carried out by wrapping etc., and it considers as the substrate 
of drawing 1 . Moreover, when the high concentration p mold substrate 31 also grinds the field growing 
epitaxially and field of the opposite side, you may make it thin. Here, the PN junction in which p mold 
collector layer 1 and n type layer 33 turn into n mold base layer 3, and the high concentration p mold 
substrate 31 has the radicalized point between the high concentration p mold substrate 31 and n type layer 
33 is formed. After that, the power semiconductor device concerning the 1st operation gestalt is producible 
at the usual IGBT production process production process. It is possible to use the anisotropic etching 
described above also in this 2nd method. 

[0048] (2nd operation gestalt) Drawing 4 is the cross section showing the element structure of the element 
for power concerning the 2nd operation gestalt of this invention. In this drawing, the same sign is attached 
and shown in the same portion as drawing 1 , and detailed explanation is omitted. 

[0049] In the semiconductor device of this operation gestalt, PN junction 42 was formed between p mold 
collector layer 41 and n mold base layer 43, and a part of this PN junction 42 is radicalized with reactive ion 
etching (RIE) etc. That is, PN junction 42 from which the angle of a slot became the tip section is formed by 
forming a slot in p mold collector layer 41 by reactive ion etching (RIE) etc., and forming n mold base layer 
43 with epitaxial growth all over p mold collector layer 41 including this slot. The radius of curvature of this 
radicalized portion is 0.3 micrometers of outlines. 

[0050] Moreover, contrary to this, a slot is formed in n mold base layer 43 by reactive ion etching (RIE) etc., 
and the same substrate is obtained also by forming p mold collector layer 41 with epitaxial growth all over n 
mold base layer 43 including this slot. 

[0051] Thus, the built-in potential of the radicalized portion becomes low, and it becomes possible to reduce 
ON state voltage by this. Since a slot can be formed by RIE also in the material which cannot perform 
anisotropic etching by the drug solution according to this method, it has the advantage that the range of an 
applicable material becomes large. 
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[0052] The above-mentioned production process of reactive ion etching is HBr and NF3 as etching gas r 
when a silicon (Si) substrate is used as a substrate. Using the included mixed gas, when a silicon carbide 
(SiC) substrate is used, it is SF6 as etching gas. The mixed gas containing 02, or NF3 The included gas can 
be used. 

[0053] (3rd operation gestalt) Drawing 5 is the cross section showing the element structure of the element 
for power concerning the 3rd operation gestalt of this invention. In this drawing, the same sign is attached 
and shown in the same portion as drawing 1 , and detailed explanation is omitted. 

[0054] In the semiconductor device of this operation gestalt, PN junction 52 was formed between p mold 
collector layer 51 and n mold base layer 53, and a part of this PN junction 52 is further radicalized from the 
case of the 2nd operation gestalt. namely, the n mold base layer 53 whole surface which forms in n mold 
base layer 53 the slot which was able to scoop out the base edge, and includes this slot in it by choosing the 
etching conditions of reactive ion etching (RIE) — p mold collector layer 51 — epitaxial growth — forming 
— this substrate — ************ — PN junction 52 from which the portion which was able to scoop out 
the slot became the tip section by things is formed. The radius of curvature of this radicalized portion is 
0.01-0.1 micrometers of outlines. According to the equipment of this operation gestalt, built-in potential can 
be further made low and it becomes possible from the 2nd operation gestalt to reduce ON state voltage 
further. 

[0055] As the above-mentioned production process of reactive ion etching, it is 02 so that deposition film 
generation of a slot side wall may be suppressed. Methods, such as stopping a quantity of gas flow, can be 
used. It is possible to form the slot which could be made to increase oblique-incidence ion for a slot as a 
Boeing configuration (configuration where the slot became almost larger than the width of face of opening of 
the width-of-face fang furrow of the portion of the middle depth and a pars basilaris ossis occipitalis), and 
was able to scoop out the base edge by this method. 

[0056] (4th operation gestalt) Drawing 6 is the cross section showing the element structure of the element 
for power concerning the 4th operation gestalt of this invention. The semiconductor device of this operation 
gestalt shown in drawing 6 is the so-called trench mold Schottky barrier diode, and has the portion which 
was radicalized in a part of Schottky barrier 66 which consists of an n mold base layer 62 and a shot key 
electrode 67. The radius of curvature of this radicalized portion is 0.01-0.1 micrometers of outlines. The higr 
concentration n type layer 61 is formed in the shot key electrode 67 of n mold base layer 62, and the field oi 
the opposite side, and the anode electrode (ohmic electrode) 68 is in contact with this high concentration n 
type layer 61 . 

[0057] Moreover, n mold base layer 62 is formed in the mesa-mold, the mesa field 63 of n mold base layer 62- 
is adjoined, and the slot is prepared. The high concentration p type layer 64 is formed in the surface of this 
slot, and the high concentration p mold polish recon layer 65 is formed so that the slot concerned may be 
embedded. The depth of the portion into which the Schottky barrier 66 was radicalized is shallower than the 
depth of the high concentration p mold polish recon layer 65. Said shot key electrode 67 is in contact also 
with the high concentration p type layer 64 and the high concentration p mold polish recon layer 65. 
[0058] According to this structure, the barrier height of the radicalized portion becomes lower than other 
portions, and the ON state voltage of an element is reduced only for the part. Consequently, it becomes 
possible to reduce barrier height using the stable electrode material. 

[0059] In the substrate of the power semiconductor device concerning this operation gestalt, in order to 
form a radicalization portion in the Schottky barrier 66 between the mesa field 63 of n mold base layer 62, 
and the shot key electrode 67, it is possible to be able to use the anisotropic etching method stated with 
the 1st operation gestalt, to embed the shot key electrode 67 at the hole formed by anisotropic etching, and 
to produce a Schottky barrier diode. 

[0060] (5th operation gestalt) Drawing 7 is the cross section showing the element structure of the element 
for power concerning the 5th operation gestalt of this invention. In this drawing, the same sign is attached 
and shown in the same portion as drawing 1 , and detailed explanation is omitted. 

[0061] In the semiconductor device of this operation gestalt, the Schottky barrier 76 was formed between 
the mesa field 73 of n mold base layer 62, and the shot key electrode 77, and a part of this Schottky barrier 
76 is radicalized with reactive ion etching (RIE) etc. That is, the Schottky barrier 76 from which the angle of 
a slot became the tip section is formed by forming a slot in the mesa field 73 of n mold base layer 62 by 
reactive ion etching (RIE) etc., and forming the shot key electrode 77 all over mesa field 73 including this 
slot. The depth of the portion into which the Schottky barrier 76 was radicalized is shallower than the depth 
of the high concentration p mold polish recon layer 65. The radius of curvature of the portion by which 
radicalization was carried out [ above-mentioned ] is 0.3 micrometers of outlines. 
[0062] According to the Schottky barrier 76 from which the angle of a slot became the tip section as 
described above, the barrier height of this tip section becomes possible [ becoming low and reducing ON 
state voltage ]. Since a slot can be formed by RIE also in the material which cannot perform anisotropic 
etching by the drug solution according to such a configuration, it has the advantage that the range of an 
applicable material becomes large. 

[0063] In the substrate of the power semiconductor device concerning this operation gestalt, in order to 
form a radicalization portion in the Schottky barrier 76 between the mesa field 73 of n mold base layer 62, 
and the shot key electrode 77, it is possible to be able to use the anisotropic etching method stated with 
the 2nd operation gestalt, to embed the shot key electrode 77 at the hole formed by anisotropic etching, anc 
to produce a Schottky barrier diode. 

[0064] (6th operation gestalt) Drawing 8 is the cross section showing the element structure of the element 
for power concerning the 6th operation gestalt of this invention. In this drawing, the same sign is attached 
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and shown in the same portion as drawing 1 , and detailed explanation is omitted. 

[0065] In the semiconductor device of this operation gestalt, the Schottky barrier 86 was formed between 
the mesa field 83 of n mold base layer 62, and the shot key electrode 87, and a part of this Schottky barrier 
86 is further radicalized from the case of the 5th operation gestalt. That is, the Schottky barrier 86 from 
which the portion which was able to scoop out the slot became the tip section is formed by choosing the 
etching conditions of reactive ion etching (RIE) by forming in the mesa field 83 of n mold base layer 62 the 
slot which was able to scoop out the base edge, and forming the shot key electrode 87 all over mesa field 83 
including this slot. The depth of the portion into which the Schottky barrier 86 was radicalized is shallower 
than the depth of the high concentration p mold polish recon layer 65. The radius of curvature of this 
radicalized portion is 0.01-0.1 micrometers of outlines. According to the equipment of this operation gestalt, 
the barrier height of the above-mentioned tip section becomes possible [ becoming low and reducing ON 
state voltage further ] from the 5th operation gestalt further. 

[0066] In the substrate of the power semiconductor device concerning this operation gestalt, in order to 
form a radicalization portion in the Schottky barrier 86 between the mesa field 83 of n mold base layer 62, 
and the shot key electrode 87, it is possible to be able to use the anisotropic etching method stated with 
the 3rd operation gestalt, to embed the shot key electrode 87 at the hole formed by anisotropic etching, and 
to produce a Schottky barrier diode. 

[0067] (7th operation gestalt) Drawing 9 is the cross section showing the element structure of the element 
for power concerning the 7th operation gestalt of this invention. As shown in drawing 9 , the pyramid-like 
hole 92 with which the tip was radicalized is formed in one field of the non dope diamond plate crystal 91 
which makes (100) a principal plane, Mo metal layer 93 is embedded at this pyramid-like hole 92, and the 
emitter is constituted. Between the pyramid-like hole 92 and Mo metal layer 93, the Ti thin film 94 whose 
thickness is 1nm is inserted. The radius of curvature of the point of the pyramid-like hole 92 is 0.01-0.1 
micrometers of outlines. The electrode 95 with which it comes to carry out the laminating of Ti layer, Pt 
layer, and the Au layer to order is formed in the field which faces the emitter of the diamond plate crystal 91 
as an anode electrode. Moreover, p mold diamond layer 96 is embedded at the diamond plate crystal 91, and 
functions as the gate so that the point of the pyramid-like hole 92 which functions as an emitter may be 
surrounded. 

[0068] the time of bias being impressed in the electronic instrument of this structure, so that an emitter 
may become negative — an emitter — an electron is injected into the diamond plate crystal layer 91 
according to the field emission effect from the point of the pyramid-like hole 92 of Mo metal layer 93, and 
current is taken out from "the anode" electrode 95. This is the same as that of the function realized by the 
so-called vacuum microelement. However, in the case of the element of this invention, the melting 
destructive phenomenon of an emitter, the noise, or the unusual property fluctuation which were observed 
by vacuum microelement were not observed. 

[0069] (8th operation gestalt) Drawing 10 is the production process cross section showing the manufacture 
method of the element for power concerning the 8th operation gestalt of this invention. First, the crystal 
face whose thickness is 100 micrometers as shown in drawing 10 (a) is Si02 of 0.5-micrometer thickness by 
the vacuum deposition method to the surface of the diamond crystal 101 of (100). A film 102 is formed and 
it is Si02. The photoresist mask 103 which has a ring-like opening by the photolithography method is formed 
on a film 102. 

[0070] Next, as shown in drawing 10 (b), the photoresist mask 1 03 is used, and it is Si02 by the 
reactive-ion-etching method. Selective etching of the film 102 is carried out. this etching — setting — SF6 
and CHF3 etc. — gas is used. Then, 02 Usher removes the photoresist mask 103 and it is Si02. A mask 
1 04 is formed. 

[0071] Next, it is Si02 as shown in drawing 10 (c). Using a mask 104, during the diamond crystal 101, B 
which is p mold impurity is diffused and the gate layer 105 of the shape of a ring which consists of a p mold 
diamond layer is formed. Si02 A mask 104 carries out etching removal by rare fluoric acid, and grows 
homoepitaxially uniformly the non dope diamond layer 106 of 2-micrometer thickness with a CVD method on 
the 101st page of a diamond crystal after this. It is Si02 of 0.5-micrometer thickness after an appropriate 
time. A film 107 is again formed with a CVD method, and the photoresist mask 108 which has a opening in 
the core of the gate layer 1 05 by the photolithography method is formed. 

[0072] Next, as shown in drawing 1 0 (d), the photoresist mask 108 is used, and it is Si02. A film 107 is 
etched and it is Si02. A mask 109 is formed. Furthermore, Si02 after removing the photoresist mask 108 
Thermal oxidation performs anisotropic etching to the non dope diamond layer 106 using a mask 109, and 
the 4 pyramid-like hole 1 10 is formed in the non dope diamond layer 106. The radius of curvature of the 
point of this 4 pyramid-like hole 110 is 0.01-0.1 micrometers of outlines. 

[0073] It is Si02 as shown in after an appropriate time at drawing 10 (e). After making 1nm of Ti layers 1 1 1 
deposit with a vacuum deposition method from on a mask 109, vacuum deposition of the Mo layer 1 12 is 
carried out, and a cathode electrode is formed. Vacuum deposition of Ti layer, Pt layer, and the Au layer is 
carried out to the cathode electrode 112 of the diamond crystal 101, and the field of the opposite side at 
order, and the anode electrode 1 10 is formed. In addition, the Ti layer 11 1 may be formed all over non dope 
diamond layer 106, and may be alternatively formed in the 4 pyramid-like hole 1 10 like drawing 10 (e). In the 
case of the latter, there is an advantage that the curvature of a wafer is reduced. 

[0074] It became the field emission electronic instrument manufactured by this manufacture method has 
very little dispersion in the property between each emitter, and possible to realize the stable property. In 
addition, this invention is not limited to the above-mentioned operation gestalt. For example, if using a point 
for cementation between P emitter layer of a GTO thyristor and N base layer etc. is the PN junction as 
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which reverse pressure-proofing is not required, it can apply to various devices and those ON state voltage 
can be reduced. 

[0075] Moreover, although the 7th and 8th operation gestalten showed only fundamental structure, it is 
applicable to the structure which repeated this structure, the structure which deformed the gate 
configuration. In addition, in the range which does not deviate from the summary of this invention, it deforms 
variously and can carry out. 
[0076] 

[Effect of the Invention] As stated above, according to this invention, by forming the radicalized PN junction 
and the radicalized Schottky barrier, built-in potential and shot key barrier height can decrease, and the 
element for power with small ON state voltage can be realized. 

[0077] Moreover, according to this invention, by using the field emission phenomenon of the electron to the 
inside of a solid-state, the problem of discharge breakdown or property fluctuation is solved and it becomes 
possible to offer the element for power which was excellent in the property of having the actuation 
stabilized with the high speed and the low power. Worth of this invention is very high at this point. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The cross section showing the element structure of the power semiconductor device 
concerning the 1st operation gestalt of this invention. 

[Drawing 21 The production process cross section showing the 1st method of manufacturing the power 
semiconductor device concerning the 1st operation gestalt of this invention. 

[Drawing 31 The production process cross section showing the 2nd method of manufacturing the power 
semiconductor device concerning the 1st operation gestalt of this invention. 

[Drawing 4] The cross section showing the element structure of the power semiconductor device 
concerning the 2nd operation gestalt of this invention. 

[Drawing 51 The cross section showing the element structure of the power semiconductor device 
concerning the 3rd operation gestalt of this invention. 

[Drawing 6] The cross section showing the element structure of the power semiconductor device 
concerning the 4th operation gestalt of this invention. 

[Drawing 71 The cross section showing the element structure of the power semiconductor device 
concerning the 5th operation gestalt of this invention. 

[Drawing 81 The cross section showing the element structure of the power semiconductor device 
concerning the 6th operation gestalt of this invention. 

[Drawing 91 The cross section showing the element structure of the element for power using the field 
emission phenomenon to the inside of the solid-state of the electron concerning the 7th operation gestalt 
of this invention.- ___ — _____ . 

[Drawing 101 The production process cross section showing how to manufacture the element for power 
using the field emission phenomenon to the inside of the solid-state of the electron concerning the 8th 
operation gestalt of this invention. 

Drawing 1 1] The cross section showing the element structure of the conventional trench mold IGBT. 

Drawing 121 The cross section showing the element structure of the conventional trench mold Schottky 
barrier diode. 
[Description of Notations] 

1, 41, 51 — p mold collector layer 

2, 42, 52 — PN junction 

3, 43, 53 — n mold base layer 

4 — p mold base layer 

5 — n+ Mold source layer 

6 — Gate insulator layer 

7 — Gate electrode 

8 — Source electrode 

9 — Collector electrode 

61 — High concentration n type layer 

62 — n mold base layer 
63, 73, 83 — Mesa field 

64 — High concentration p type layer 

65 — High concentration p mold polish recon layer 

66, 76, 86 — Schottky barrier 

67, 77, 87 — Shot key electrode 

68 — Anode electrode (ohmic electrode) 

91 — Non dope diamond crystal 

92 — Pyramid-like hole 

93 — Mo metal layer 

94 — Ti thin film 

95 — Anode electrode 

96 — Gate (p mold diamond layer) 

101 — Diamond crystal 

102 — Si02 Film 

103 — Resist mask 

104 — Si02 Mask 

105 — Gate layer 

106 — Non dope diamond layer 
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107 — Si02 Film 

108 — Photoresist mask 

109 — Si02 

110 — Anode electrode 

111 — 4 pyramid-like hole 

112 — Cathode electrode 



[Translation done.] 
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4 B ^oo^steJsa^^i^^^Bca 
u r io% &c h E.&m^tevgm&nm s 

30 ft4 c 3R^rt8PCclS^Jtffi«:«SF-r*<Z)«. K^v^^ 

p^ic*5W4A#ai*ja'c&4 0 

[0 0 1 1 ] ^naR-T-ttt, SM^+tc^T-^ 

lfi^-T4<b, x5-sr*8B»#«»U xs^TOil 

^UT^4ts j f^ma3n4 0 cmt ftswjeaxs 

©x5 ^**fflL/ , r»*L/rflsn. fox=«;^ss 
40 awsi a o , x ^ ^«jj»^«tt«^b-rs?aR*5iB* 

4Ci^:^0-Cl^4o 

x 5 7 * £tmmn®ttwjMccjBH ^/cgs^ 

^4<b^Ae>ti4 a SSOxs UJRT 

so mrr #tjn 4 J: ^cc-rafr. *sc»tt«x* ^^stcs 



(4) 
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[0 0 13] ^W»(cJ:otm 
[0014] 

[0015] * te, fi£*<Djt£-7 -f * PgH^t&^T 

^WctiSfe*JIRIsl!S«:#A-rS^aS^iX6*irc^*«. 
^ 4 m frC J: -o r (C S5£ttff *WHSt" 4 c £ a* 

&<7)-e&4 0 
[0016] 

ftfflifSck, *2S«ffl*»fMK«£*«*.. fuf BJH1 *S 
[0017] 3^*>4*»qHCCtec>r % OT<D»JS;*«;i 

( 1 ) urias^ojtwt 3 n/cSP#oiiii*¥S# o . i 

umfclTT*4C<!:. 

(2) 8}K5^b3ftfe»#tt. 
~3~4 C t 0 

[0018] ( 3 ) MKSIBBttt*. V?ttSl < ttS 

#Rr*4ct. 40 

*«(8©*2tt. {10 0} <D*SSffl*ffi*W"r 

2»*ss¥3w*««£*«*.. huibis i namHi 
« t a 2 m-mm^mmm t <ota tc«a s n 4 
aws5ti*fb3nr*jo. c(D5fc^b3n/c3P#t* u 1 

1} cD^o a B ffi^{iOECcj:0tilJS^nr^4e:i^ii 

[0019] ^ftwom i *5<fco'fli2 tcj:titf , m i » 
«a*2»»«« t si 2 **« u r mm 

3 ft 4 P N JS^O— »*5fe«M b 3 titcBR t tt 4 J; 9 Cc 50 
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JB/£3n-Cl>4©-C\ PN«6©5fc8Mt3nfc«#<Dfc: 
juh >f>#f L >^ + ;WfficDai5^tcJ:b^ , rfi< 0:4. c 

-C * >mEE^it fin 3 4* S tt»H £ ft ^ r l >/c tf;b h 

»0<iS«-r4C4^pI*64tt4. U^^t, PNg 
^•©tr;u h >f >#f->s^+^©*#3**W*ia^Tif^ 
fc^ -f ^ai^ffl^f**^** ib«WfiB»S©ffl 
i£&c fe3iffl-T 4 C i # pJfiB <b ft 4 - 
[0 02 0] £/c, *^0^3 ti, StR<Z)¥8Sf*«1K 

* h*-»^o— »*^jft{t;3nt:te»3, c<D5fc»Mb3 

ftfcg|^<7>ffi*¥&**0. 5/iiD£lT-C*4c4%<#» 
fT4«*ffl* : f*««r4. 

[0 02 1] j^*>4*»?Hfrcte(,ir, felTOtilJ&'Srii*. 

( 1 ) «rE«^©jfe»{b3 nfc»»©ft**a* o . i 

jLtmferPC*4C<k. 

(2) Buia5y»{b3ti/cSP»«, SMJK«OftSPCc*tfE 

-r4ci 0 

[0 02 2] ( 3 ) fflEKSiJ&tttt* V^«^L < a« 
S/c, #*?8©»4tt 1 {10 0} ©ISM^ffi**-*" 

^£^r4*S<fc*:«li*.. SuiB^a v h+HS^O— 
gB^^ygftsn-CfcD. C<D5feSifb3*i/cSS5>W {1 1 
1} OiBB B p®^fiO®^J:Dt}l^3n'Cl>4c4^m 

^ r 4«* jwR^**«-r 4 . 

[0 0 2 3 ] *^com3^5j:D c ll4tc c fcn(^ 
?Ii|S<!:mffi<!:^Sb'r^RJE3n4^3 ^ h*H££<D— 
b 3 *i /cJKtt i tt 4 J: 5 «c»j« 3 h-C C » 4 O 

wiyry-f*- h"CD^>mE ; &Ji}]n3t>'4A^ftSH 
iftor^/cv^JT^^ hSr(ST3-li-4C47&i*C# % * 

L < ffiSt^C i#pJIB'C*4. 
[0 02 4 ] */c, *«W<D»5«, @(*4^KH#© 
— *Offi(c^3^/tx ^ ^ 4? i . RUIBHf*<DmilBi ^ 
9#itB»T4fB«:JKJiS3*iter ^- F£j&»6tttK hu 
IBx = ^ ^^BUlfiT^- RC)tfLTStC'MT;*3tt/c 

<b * > fttjfBx = > 5r <t k> m^mit^cm^n^mm 

j: 0 £A3 ti4 C 4 *«F»i T 4«*ffl*^*«« 
T4 0 

[0 02 5 ] ^^4*»eBfrCfcl^r, ttTOffif&ZffiZ- 

(i ) ButBx= yztmiiTs- i'm<Dmi*tpt<c'J>te< 

[0 02 6] ( 2 ) WsBBMtf lifEy- h ttt fete* 



(5) 
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m&frbftzttbfc* sway-Ma, tttfiwrtt&tat 
[0027] ( 3 ) m+tmmknmmt xwtxzti 

[0 0 2 8] (4) «-T-**«»ttl«**tCj:«3ffiA3tl 

(5 ) BijfBx^ v % X ttfiWBT >> — F tffl&f&t 3 ft & bu §3 

{10 0} cs>|g«BB*tfi[«:#-r4 Cio 
[0 0 2 9] ( 6 ) huIBX ^ ? £<D. *-?-*S*l?]5aWSai 

jrk <t o aA3 n*«ri2H#©»»tcar **fflcc», 
EXSft-ct>&c4 a 

[0 03 0] ( 7 ) re#ttJMItittJ|ltCJ: DttASti 
_[ 0 0.3 1 ]_*«58©»5 tCctn&i. M^tp^tDMT-O) 

[0032] a^H**tc*iji&»sn43»*ttcn 

x^n^ h>*;U3i^cj:o-c^l : f^?l#l±SL/JSSS*3 
■tf&tCBlO 8 V/oiffIIttCi«Ci«W*^E<5:3n4. CO 

4 L-cmmW&Z&c ut < c»5C*<c*i»*«*4r, 
■rictccj:o»i*"r4ci^'c*5- bp 5, ;XRi«:f6 
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[0 03 3 ] */c, ^S*a?B©^5«:J:4tl*ffl* 
fjcte^t, x ^ * £*cfWf *y- h^SIMWtcHf* 

[oo34]S6tc, y- F©w*44y-- f 

ft 4 Hf*<Dtt*4 4 j£ W teH Wtote |g— 4 Bab 6 ft 

XI«©«£#SW6ft&lr>. y- MDtt»*y- h**a 
fibiASft5H#0*t*44||HW«:p-<D»fiS4 l/fcig^ 
KB, y- h»»CC^«!ft«:WT«ftCca5ttI-r4C4CcJ: 

[003 5] 5 ? ^^eiTOWCioTaA 

3ft*Hftt#f*«. F>*JUfc»«#?'>2' + Jl'»* 

[0 03 6] *fc, *W«»*WW»»«:j:0ttASft 

sfriEHf*osiJ»4or, y-f+^F, #Hbf^ s 

ffc#D> % SfbTJi'S-SA, a{t//y->A, XttCft 
h ©H*#*» e> & £ L < tt*3»f* * »^ 4 4 » 

ViS^¥8l#*> I 1 I - VlROffc^!ft*aK*<Dft*>'C 

feSIWWHOJEc*, y^+*> F*«fl3i*, »t#p 

>*MtTA'5 A. Sfbtf'J ^ ABi»ttjatt»T* 
0. SEA:, J»3»SS*Sfffei«Ci. Ufc^ot, Cft6<D 

[0 0 3 7] «W«»tt»a*tc J: OSA^ft 

wicm&mftoskWft (loo) cD^B^ia^a^w 

T^4, a*ttx^^>yKJ:0x3r^>y?L« (I 1 
1 } ffirH^ft/cHA»4^0, i^^>y?L«D5tiffiB 
ffiab-C5teo/cJI5tK4tti. C©x-,*>ytt*»Stt* 

[0038] */c, mriBx ^ ^ a? od, aT-^asaws* 

*CC±0aA3ft-5«rEH#O8B»Cc«r4HWK. T 
i &tfC r ©iJ>tt< 4 fc-o^Mf ^.^III^M 
3ftTl»4C4*W* L,C^s, Cfttt«T©aiSKJ:S 

i3r^>yr»*sftyt?L<D5aa* 

ra9at**4*«A3-&SC:4^SiL/tr^ *$*SO/J> 
3i»5^^*Ti»«W*4«:(aAS*S±'C©Hi»tt. HI 

!KlBWS**f4a>*i*, T i RO'C r O^tt < 4 
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iBSt«5ttf4 1 ©iSfttt^ft*?? * £ C £ * Si* L fctt* 
^i6ti5„ TiRO'Cr©^4<ti— 

6^)iWHi^3S«/i<t ur, s^**£A3*isH<*±fif 
[oo39]^t a^a»&«*ja*K:j:oaA3n 

[0 04 0]BP*^ ji^Ote<fc5CcS^-r£a*-?tt: 

te*i&5ttXg«— o©g#1£x ^ ^> yXfg-C£>£ 0 £ 
fe©-c&6/ctf>&c, ffi&rs^l&MB^. ^t*>h^cD 

c£©tf6o#fcg&rA#ft4>©tc&&?*£f#& 

[0 04 1] — X^-<^CJ*^<0»Jfi#ffitC*Jl* 
y n >*©«8SicS;£ttx ? ^> J; 0 TfcfiXCft: 
x * ^?L4«Si L"C^JflCD«f4^6x 5 * **JB 

*S8L©Bfc£^ is **fiTX 3 ^ £ 

«j§#»fE ZtiZ&ts PS^tt x ? * > y cc <fc o r «f¥ 

x^ y Zffifezm^VZ &tc&icm&xmm&&< . * 
[0042] 40 

[*m©hjb©»«3 etf. ^^©s^jb^ki** 

1 ©JOS»«) Bl«, *»W©» 1 ©I6»JB«K: 
*<y— F§a i gbt-c^d . P gynu^^/l 1 inS^ 

BgO. 0 1-0. Umt?*5„ nS-^-^Ji3±^« 
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-*B4©3lffitt:W:n* SJV-*B5#ffJja34vCl> 

[0044] awe, m i (ommmmmtozntimmT 

l32«c:©»l©*ffi«:^"rxfIKffiiaT*S- 

[12 (a) 6C7SrJ:9 0Cnffl»«2 ltc»#ttx**> 

(b) ) c 2 2 b»c©jfe«fbtcJ:>3JKat5nfc5«BW 

[0 04 5] ^^C v JftffiitCCj: 0 n^S*52 1 (D^Mlc 

H2 3^xt^^>tMI1*^) (12 ( c) ) „ K?Jt 
JSpMH2 3©«ffitc«SM2 3 a«?nS, 

T^ilffcUTH KDlii^o CCt, nMI«2 1 
(JnS^Xl3, iS?llSpM®2 3«p^^U^»J1 

nsi«2 i tm§k&vmm2 3 ^©ratc« 

-SP^5feitt<b3 titc P NS^^SES tiS. ^©?^« t 
COSfe^rO-o < tQ&LrmiZCD 1 GBTfPU^OtX 

xiit« 1 <Dmmmtc&t3&mjM¥mfa&?*ftM 

[0 04 6] ±iau/cg*f*x 9 ^>^©is«, as 
iit^'j3> csi) Mfa^tt&mtim (3c- 

S i C) ifi*fflt^ci|&Bx ^ ItKOH 

[0047] s& 1 ©^teJBSSccustosa^fla*^ 
©s«*^»-r tctixom 2 ©Office i x mm? % - 

Eg3«C©»2©*ffi*^xa»rHHt?**. **\ 
03 (a) CC7K-r<fc5tCKi«Sp^*ffi3 KCS^ttx 
f > ^ftt C d: (C <t D V^©i 3 2 U , ^ 

©±CCn^B3 S^xt^+i/tMStS (0 3 
(b) ) 0 «S«KpSB3 3©*ffi*CttKS3 3 a#J& 

i-cci ^ r uplift 1/ rial ©ISit^o ?s»£ 

1 fe*©x^$*->*;l/lSfiTSffl<5:S*HW 
©aB«rWB"rSCiicJ:D»< OTfeSC^ CCt, IB 
T*KpS2ffiR3 1BpS!:3U*#B1 . nS13 3Bn 
tttO, lB}ft«pffl8S3 1 £ng/Ji3 3 



C7) 
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t come u%mt o icMUK* * p n s^^ffM 3 
[0 04 8] m^commwM) nu^ x&woimz 

x-yf-y? (R i E) ^i'ccjc^T5feMfbsnx:t^o 

IP£> 0TZ7*4 74 (R I E) tt£tc 

i4ofcPNS^4 2;Wf5f£3n£., C05fc&Mb2*lft: 

[0 05 0] £/c, ^Ut\1^tt^)r>?T a~J 4*^> 20 
x^>y (RIE) fr£^Cj:oTnM^-*Jt4 3 

cpi**«tr nl^_14 3£oPCpM 

[0 05 1 ] CCOct^tC^ft^ta/cgP^Ohr^h-O 

S^ttx^^>^r#fti^*4(cfe^"CfeR I Etc J: 

J6B#J£< WilOfJ^WLtC^, 30 
[0 0 5 2] _bifi L tc V T -9 y~ J 7 J X- v ? >#<D 
XfICi, SSibtS/'j3> (Si) StS«rflai^»^ 
ttx^vmiLtHBriNF, «r^t?ia^*f^ 
*fflC», KftS* ( S i C ) *«*^l^/c*B^tti v * 

[0 05 3] (*3<D^**») ##HB©*3 

L T 5% L ftffl ft BHB «*BST £ . 40 
[0 054] #HWJfc«©¥*tt* : FTtt. P ^ U ^ 
^15 1 <bnS<-Xi5 3 <h<DniKCPMg£5 2^ 
IS$ C (DP 5 2 CD— 2 (DUffiJKJSOiS 

^^>x^^>^ (R I E) CDX^^>^ft^il-^C 

^*H5 lixf^ + ^^JUfiSfitCiOjeSEL, COS 
g|5ift^/cPNS^5 2*^^3*1*. C©ife8Mfc<*ft 50 
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/cSB^CDfl^a^WBSO. 0 1-0. 1 umV$>2> u 

Jtrntmrnoymmtc n« > & 2 j: 0 & $ 6 

HE £ IEK (Kjg-T £ C t t ft & . 
[0 05 5] ±IEl//c'J7^7 : w ^ ^>^0D 
IS 4 L/ r tt, ^Jfi©tt«K£^ 6 n £ J: 5 fc 

cfc> <£><> 

[0 05 6] (»4<D*»JBMI) H6 tt, **KO*4 
his* v h*-l&&6 6 O— 8BCCjfeSilk3n/cSP^«:W 

co3titt<bsn/cSiJ»ott**a««iB0. 

0 1—0. lMmT'^^o nS^I6 2©^>3 ? h 
+ -m@6 7 (!:5>(tiOffi^(iiSiMnM16 1 ifij&m 

[0 05 7 ] £/c, nI<-X!6 2 tt>^SSCC»JSl3 
nr4tf0, 2CD^im*g6 3tC^bT 

->»;^>H65C7)^3cfc0^m<ftotC^ P M1E^>3 
yh+-ll6 7it BiggpS16 4aO'il^Spi 

[0 05 8 ] 3fo3&>S«jgiCj;ft«, 5felSfb^n/cg|i^cD 
[0 05 9] ^IBSBJfJSROcffitoSa^ffl^ftfR^S 

^«CctOJf?flcl/te?Uc^a h*-^S6 7*aa&^ 

[0 06 0 ] (»5 0l6tSJB») H7tt, **W<0JB5 
"C^So CCDHOCfc^-C, il iR— SP^CC <DV$ 
[006 1 ] *SW»«W>*«#SI»"Ctt. n^-<-^ 
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^7 6(D— glSrayT^rw ^ *>x ^> ; /(RI 
E) ft£KJ:^T5fci«fb3ftT<,>£., UT^f-w 
^-Y^>x y (R I E) ft£CCj;oTnS!^-* 

B6 zo^V-mm 3 CO»*4«ff^* 
««7 3±ffiCC^3 * F + -SS7 7*^-^4 Cite 

<D#SSW\ JB«Rpffi!l<y2/i;3>lie5©ai3J:0 t io 
BgO. 3 a mT'*& e 

[0 06 2 ] ±EUfccfc5^»Oll^5<cJ»SS4&ofc2/ 

a* h*-«^7 6tcj:n«, c<osfe«w©^yr^^ 

[0 06 3 ] *SU6JKffiCc^t>sm*ffl^#*^-©S 20 
tgteteOT. 2©yff,«7 3ii/3 ^ 

h * -Mm 7 7 iCOHO^ a L *_F a 7 6 tC 3fc£Mb 

[0 06 4] (»6CDHJ6JI5fiS) B8tt. *»HJ<D^6 

[0 06 5 ] *mn&i&<Dzm#tt'r?\z* nl^-^ 

116 2CD^t^I$8 3 i^>2 » h*-mS8 7 ±<Dfffltc 

^8 6 <d— sm*» 5 ommmmcom^ <t {c5t« 

(R 1 E) (Dx^^^^ff^a^CitCfcoTnSt-^ 

ffi8 7«rJf$«;-r*CitCctO. «©*<*ttfcS|5#*^4a 40 
Utt£~>ici/* ? F*H&£8 6*W3n^ *>a* 
h*-«^8 6<D5felB^b3n/cW^O»3tt, iSiSfip 

©3t«i<b3nfcw»©tt*¥a«iHWo. oi-o. 1 

^mt'$)^ ^»^cD«SCC<tntf, SI 5 
»J:0fe3 6«:±E5fettepO^yT^^ F#ffi< &^>"C 

[0 06 6 ] **Jfi«J»4c»toS«*ffl*«(*3R^O» 
SCCfcC^-C, nS^^16 2©^(a«8 3i^3«!i 
F+-S1B8 7 tOfflO^a * F*-Jg^8 6 CC jfclfcffc 50 
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[0067] (»7©is*»«> H9«, xmnomi 

r*^ 0 B9.KStcl:5K. (10 0) 4£Bfii-fS^ 
> F-^*^V^-t> FtR1**SS9 IO— *OffitCB, % 

?L9 2iC(iMo^S19 3 3&saa>iA*n-rx5 * 

ftHtt?L9 2<tMo#JSH9 3i<DPJCC 
t*. nmOT iSBl9 4 7»i»A3tirc*Sp ft 

tttt?L9 2fl[>5t«WP©lft**a»«l«0. 0 1-0. 1 
/imt*6 0 #>f**>FfitK*SS9 xs**CC 
tB3tt-3"4ffi«:»T i IB. PtI, AuJl^WcfSH^n 

m.*)WisC±< pM^Vt : t> FJB9 6 F 
[0 06 8] ^J&^«S©t^B"C», xv^ 

ja*(cj:- 3 -c^-Y+*>KfittiB H ^»9 ncax^n, 

[0 0 6 9] (W8 CDHftff$8S> H 1 0 «, *|fe?8©Jfl 

KMH"C*&. *r, HI 0 (a) KSVr<fc3K: t /I2 
*UO0/i inQ*£Sffi# ( l 0 0 ) CD 2^ ^^r> K*SS 
10 l<DmmtCA£MMfetrCj:->X0. 5umm<DS i 
O, Ml 0 2%Jimis. SiO, R10 2±tc^4- h U 

h Ut>X h7X^10 3^r^^r^>o 

[0 07 0] miO ( b ) Cc^t" J: 5 ic. 7 ^ h 

^CCct^tS i O, JR 1 0 2SiB?i^>m f 
C©x» ^>^C*$l^T, SF 6 , CHF 3 ^CD^fX^: 

vX^lOSiiSltSiO, 7^*10 4tMt 

[0 0 7 1 ] :^0C, 010 ( c ) OC^T <t 5 tc, S i O 

2 vx^ i 044fflc^^^n> Fisai o i tfncp 
6tt*y>^tt©y- h»i ostJKjsra. s i o 2 

«y-Y+*>Fttai 0 1BB±CC, CVD^tCJ:or2 
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umm<Ds>b-7'#4^*^ fjbi 06*- 

i O, HI 0 7 4CVDatcJ:oTBajgJ&U 

>jv^7^ ^KioTy- hi 1 0 5<D*^ss^rap 
[0072] m 1 0 ( d ) tc^-r j: 5 ec, y * b 

WJXb-?X# 1 0 8»TS i 0 2 Jgl 0 7*15 

7t hvx^ 1 0 8*iiU/cfl SiO, 7 

1 0 9ftffltr*MWtCc<fc!3 -/>K-^f F 10 

c©E9ft«ittai i oojfe»«<z>ft**a**««o. o 

1-0. 1 ,um-e£>£ 0 

[0 0 7 3] 0*>4«tc, HI 0 (e) ftc5Vi\fc 
S i O, 1 0 9±^e>K^H^ffitCj:^-CT i Jg 

1 1 1* 1 nmia^f/di Molll 2 

K««*JfcJiWS. y-f+^e^ FttSl 0 1 
©#V- Fmt? 1 1 2 iJR*tlBiJ©ffi{C«T il, Pt 

i, Aui»csMf Ltry- Kiii i oe5 20 

EST*, ft**. Till 1 l»/>F-^>fn>F 
Bl 0 6*l!«CJBJEaSL/T«>AC>U, 11 1 0 (e)©«fc5 
ttQft§ttK?Ll 1 OrtCCJBIRWCCJIJjilbrtAC*. f£# 
» ^7 -x / > - CDJS 0 #ffi« StlSil^ f U £> 

[007 4] 3^3^S«ifi»ft«:J:or»ff3tiyt«IMB[ 

4>ft<, &%lsfc&&%WftthZtimmtter>tc 0 
ftfc, *»?Htt±E3l*li»lB«:iKffi3ti4C £&ftl>,, 
WA«GTO*-f 'J^^CDPi^ ^iiN^-^li 30 

[0075] ttc % mi&zf&z<o9£S&&i&-c&m*m 
- bifWizmiLtcffimte&cbmm-fzc tfr-c$ 

[0 07 6 ] 

£CCJ;»), t^l/ h -Y >*"f->f + ;I/*>f a v h 
[0 07 7] $/c, #ffeWc<£fttf, Sf*4>^m^<D 

ft£ 0 co^r^^tDffifSWS^r^i^ 

[0jffiCD(ffi#ftSiW] 50 
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[B i ] Xftwom i 

[0 2] #lfcnjj0gr 1 (DHiSJgS8tc«to4a*ffl*» 

[S3] i onmzi&te%t>z>^3ifB¥M 

[04 ] *#6«©»2©*tt^fflK:«toS«*ffl*a» 

[0 6] *^?B©S4©3gte^S8tc^sa*ffl¥« 

[H8 ] *#S9J©3r 6 OHJ6jeSStcffit>4«*ffl*2» 
[89] *^©»7^tefl5^Cff*^^©H<* 

[hi o ] *mw<oms <Dntmmmt>^m^<om 

[Bi ir ''fie*'©'h"u">"^a"i GBTosR^aiJt**- ----- 

[012] U^(D b UV^Sf a * h*-^'J7y-f 
FOJR^WSftftTSrWrffiH. 

1 , 4 1, 5 1 -pSS^u^^Ii 

2, 42, 

3, 43, 5 3-nfi^-^l 
7 

6 l»««KnSl 
6 3, 7 3, 8 

6 5 - WrftSp M# 'J^yaXI 
6 6, 7 6, 8 6 -fa ? h*-fg£ 
67, 7 7, 8 7-f a * 

9 2-nmim 

9 3-Mo^MH 

9 4-Tiil 
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